Abstract. This paper deals with a multigeneration game that provides a new rationale for representing time preference in very long term cost benefit analysis, as it happens typically in the economics of global climate change. One defines an intergenerational game where each generation has a random life duration and transfers the control of the economic system to the next generation at the end of its life. The payoff to a generation is a discounted sum of the expected consumption by the whole infinite sequence of generations, starting with the current one. The equilibrium is characterized by a dynamic programming equation; a unique solution is proved to exist; a numerical technique is proposed and implemented on a continuous time simplified version of the model DICE94. The results show the influence of this form of altruism on the asymptotic steady states of the economy subject to a global climate change effect.
Introduction
There is a growing consensus about the anthropogenic global climate change (GCC) induced mainly by the emissions of greenhouse gases (GHG) due to fossil fuel energy uses, industry and agriculture activities. To cope with anthropogenic GCC economies can rely on abatement, mitigation and adaptation. An interesting aspect of the problem is that abatement decided by the current generation, if any, will be made for the benefit of generations in a rather distant future and for the benefit of populations that are not currently the principal emitters. More generally the evaluation of sustainable development policies poses an ethical challenge addressed in Beltratti, Chichilnisky, and Heal (1995) and Chichilnisky (1996 Chichilnisky ( , 1997 through an axiomatic approach. In this paper we focus on the operational aspect of the problem: how to perform cost benefit analysis (CBA) for very long lived projects that overlap several generations? Among the proposals made by economists to deal with this issue one may distinguish (i) the recommendation to use a 0 discount (or pure time preference) rate when dealing with economic problem that involve many generations (F. Ramsey proposed this rule in 1928 (Ramsey, 1928) when he first studied the optimal economic growth problem), (ii) the use of a time dependent discount rate that would tend to 0 when t → ∞ (Ainslie and Haslam, 1992; Harvey, 1994; * This research has been supported by an SNSF grant in the NCCR-Climate research program. Dasgupta, Mäler, and Barrett, 1999; Weitzman, 1998; 1999) , and also a multigenerational game theoretic approach (Arrow, 1999) based on an idea first proposed in a different context in Phelps and Polak (1968) . It has been argued that imposing a 0 discount rate imposes too much a toll on the current generation (Nordhaus, 1999; Tóth, 2000) and it has been shown that time dependent discount rates lead to time inconsistency. It is therefore the game theoretic approach that seems to offer the best way to design a time consistent evaluation system that realizes an equilibrium between the well being of current and future generations.
In this paper we further develop an intergenerational game model that has been first proposed in Haurie (to appear) as a way to introduce a form of altruism in long term CBA, without incurring the curse of time inconsistency. In the formalism of Haurie (to appear), each generation was interested in its own expected consumption and the one of the immediately following generation. That was a formalism close to the overlapping generation model in economic growth (Croix and Michel, 2002) . In the present work we propose a multigeneration game model where each generation considers in its payoff the whole sequence of the expected rewards to all the future generations. A coefficient of altruism is introduced which plays a role similar to a discount factor applied to the rank of generation rather than to time (the weight given to a generation decreases with its rank).
As in Haurie (to appear) we introduce in Section 2 a piecewise deterministic control formalism where the control is exerted by a succession of players, also called generations, each having a random life duration. A general definition of an intergenerational equilibrium is given and we focus the rest of the paper on the case of a stationary control system where each generation has an exponentially distributed life duration that is introduced in Section 3. We then recall that such systems are likely to have steady-state attractors (also called turnpikes) for the equilibrium trajectory. We can then compare the turnpikes under different assumptions concerning the pure time preference (killing rate) or altruism parameters. Implementing a numerical technique that is explained in Haurie (to appear) we can show in Section 4 the impact of introducing this type of game theoretic formalism in a typical CBA applied to GCC, namely a simplified version of the DICE model (Nordhaus, 1994) . In conclusion we draw some consequences for the conduct of CBA in the context of sustainable development.
A piecewise deterministic multigeneration game model
In this section we introduce a general dynamic game formalism that combines a piecewise deterministic control structure as e.g. in Boukas, Haurie, and Michel (1990) with a multi-generation stochastic game approach as proposed in Alj and Haurie (1983) . We shall see that in the case where the randomness is described through exponentially distributed random life duration of each generation, this model generalizes the usual optimization of the discounted sum of rewards that is used in standard economic growth models.
